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REMOTE TEST TELEPHONE LINE ACCESS 
SYSTEM 

TECHNICAL FIELD 

The present invention relates to remote test access 
systems for remotely testing an accessed telephone line 
and particularly to improvements in such systems 
which permit a test set to be inserted into an accessed 
telephone line without interrupting the timing on the 
telephone line for providing errorless testing, such as no 
hits or disturbances, on the telephone line. 

BACKGROUND ART 

Remote test telephone line access systems are well 
known in the art. One of the problems with prior art 
remote test telephone line access systems, however, is 
being able to test the telephone line, either through 
monitor access or split access, without causing disturb 
ances to other customers on the line. Such disturbances, 
which can occur when the conventional test set is in 
serted into the line for the remote test of the line, are not 
only annoying, but in the case of digital remote test 
access systems, can introduce undesired signi?cant bit 
error on the accessed telephone line. In an effort to 
avoid these problems, special test sets have been built 
dedicated to a particular remote test access system. 
Such an arrangement, however, is costly, and does not 
enable telephone companies to take advantage of al 
ready existing, conventional test sets which are com 
mercially available at considerably less cost than re 
quired to build a new dedicated test set. Such conven 
tional prior art test test arrangements are described in 
US. Pat. Nos. 3,047,841; 3,912,884; 4,538,033; 
4,489,220; 4,562,313; 3,845,247; 3,870,836; 3,928,803; 
4,054,760; 3,821,495; 3,769,454; 3,549,816; 3,363,064; 
3,084,231; and 3,872,266. None of these prior art ar 
rangements, however, utilize a variable delay to delay 
the test signal for enabling an errorless match between 
any of a plurality of different test sets and the accessed 
telephone line to permit errorless testing nor do they 
controllably make the delay between the test path 
equivalent to the delay of the normal signal path. Thus, 
if different prior art test sets having different associated 
delays are inserted into a given telephone line errors 
will be introduced due to the resultant interruptions in 
the timing on the telephone line. These disadvantages of 
the prior art are overcome by the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a functional block diagram, partially in 
schematic, of the presently preferred improved remote 
test telephone line access system, illustrating the signal 
flow during the synchronization function of the system; 
FIG. 2 is a functional block diagram, partially in 

schematic, similar to FIG. 1, of the presently preferred 
improved remote test telephone line access system, 
illustrating the signal flow during the actual test func 
tion of the system; 
FIG. 3 is a functional block diagram, partially in 

schematic, of the access card portion of the system of 
FIG. 1; 
FIGS. 4A, 4B, 5A and 5B taken together comprise a 

schematic diagram of the access card of FIG. 3; 
FIGS. 6A, 6B, 7A, 7B, 8A, 8B, 9A and 9B taken 

together comprise a schematic diagram of the test line 
connection card of FIG. 3; and 
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2 
FIGS. 10A and 10B taken together comprise a sche 

matic diagram of the decoder portion of the access card 
of FIG. 3. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Referring now to the drawings in detail, and initially 
to FIGS. 1 and 2, the presently preferred improved 
remote test telephone line access system, generally re 
ferred to by the reference numeral 100, is shown. The 
system 100 of the present invention preferably adds 
truly hitless drop and insert capability to the conven 
tional T-Class family, and is fully compatible, both for 
ward and backward, with existing conventional T-Class 
components and permits any combination of SST-Class 
and T-Class components to be mixed and matched in 
existing T-Class shelves. 
As will be explained hereinafter, the system 100 of the 

present invention operates with a variety of standard or 
commercially available drop and insert test sets and 
even functions with different types of conventional 
drop and insert test sets simultaneously connected to the 
same system. As will also be explained in greater detail 
hereinafter, the characteristics of the conventional test 
set such as illustrated by reference numeral 102, are 
automatically compensated for by the system 100 of the 
present invention. The components of the matrix por 
tion 104 of the system 100 of the present invention are 
preferably conventional, such as the Domain 3-401 
Matrix Card commercially available from Domain Sys 
tems Inc., the assignee herein, and need not be described 
in greater detail herein. As for the access card portion 
106 and test line connection card portion 108 of the 
system 100 of the present invention, those shall be de 
scribed with reference to FIGS. 3, 4A, 4B, 5A and 5B 
and 10A and 10B, and FIGS. 6A, 6B, 7A, 7B, 8A, 8B, 
9A and 9B, respectively. 

In its most basic form the block diagram for SST 
Class is similar to the block diagram for T-Class. The 
primary differences lie not in the physical format of the 
hardware or the monitor/split/TCB con?guration, but 
in the manner in which the actual access and TCB is 
handled. Preferably, circuitry is included on the SST 
Access card 106 (FIGS. 4A, 4B, 5A, 5B) and the 
SSTCB card 108 (FIGS. 6A, 6B, 7A, 7B, 8A, 8B, 9A 
and 9B) to compensate for the different delays found in 
various drop and insert test sets 102. It is a characteristic 
of these sets 102 that, although each has its own amount 
of delay, the delay is constant for each. 
To compensate for the drop and insert test set 102 

delay, the SST-Access card 106 inserts a fixed system 
delay 110, 112 into each digital T-Stream (DSl) passing 
through it. The system delay, which is greater than the 
delay introduced by the drop and insert test set 102, is 
always in the circuit 100, and thus does not itself intro 
duce any hits. When a digroup (two DSls comprising a 
two-way link) is accessed for drop-and insert both DSls 
preferably loop through the drop and insert tes set 102 
in series with an SSTCB or test time card 108, which 
maintains the system 100 delay by inserting compensat 
ing delay into each access loop. Before establishing the 
loop through the drop and insert test set 102, the delay 
compensation is set and checked such as by the syn 
chronization function of FIG. 1. The access switching 
transfers the D515 from the delay on the SST Access 
card 106 to the delay in the SSTCB access loop. Since 
the delays are identical the act of accessing does not 
perturb the D51, and is hitless. 
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Once a digroup has been accessed and is being moni 
tored by the SSTCB card 108, synchronizing connec 
tions are made in the SSTCB, which connect the two 
drop and insert inputs accross the inputs of their corre 
sponding DSl. Since the access card 106 circuitry buff 
ers the digroup from the bus, the drop and insert test set 
102 is permanently set to terminating input impedance 
and no hits are introduced. Once the drop and insert has 
achieved synchronization (FIG. 1), an adjustable delay 
circuit 120, 122 in each of its outputs is set to the differ 
ence between the system delay and the known delay for 
the drop and insert test set 102 being used. This brings 
the outputs of the drop and insert test set 102 into syn 
chronization with the output of the access loop, since 
both are late by the system delay. 
Once the timing has been established, the SSTCB 

connections are recon?gured to place the correctly 
delayed outputs on the ccess buses (via the matrix 104), 
where they are available to the SST-Access Card 106. 
The SST-Access Card 106 then transfers between the 
outputs of its own internal system delay circuits and the 
SSTCB outputs on the matrix 104. This splits the D515 
and connects the drop and insert outputs to the DS1 
sends. The DSl receives are already terminated on the 
drop and insert access card 106 inputs, and the drop and 
insert test set 102 is now in the circuit. Both transfers are 
done simultaneously. This produces a hitless transfer, 
and the drop and insert is now inserted into the digroup 
and is ready for use. 
When testing of the telephone line is complete the 

steps required to connect the drop and insert test set 102 
are repeated in the reverse order, removing the drop 
and insert test set 102 from the digroup and clearing the 
circuit, also without introducing any errors. 

Referring now to FIGS, 3, 4A, 4B, 5A and 5B, the 
access card 106 preferably accepts up to 8 digroups, 
each of which encounter the same ?xed delay when 
they pass through. Thus, there are 16 identical circuits, 
one for each DSl. The access card 106 is preferably 
equipped with two access busses, the LINE BUS and 
the EQUIPMENT BUS. Any of the eight digroups 
passing through this card 106 can be selected for access 
by these busses. As indicated by their names, the LINE 
BUS accesses the line side of the selected digroup, and 
the EQUIPMENT BUS accesses the equipment side. 
Each bus consists of four wires, T/ R and T1/ R1, which 
access the corresponding signals in the digroup. A di 
group can be accessed by these busses in either of three 
modes: PARTIAL MONITOR, MONITOR and 
SPLIT. 

Conventional BYPASS RELAYS are provided to 
protect service in the event of power loss or the failure 
of any or all of the digroup logic circuitry. These relays, 
one for each digroup, are preferably automatically 
placed in the BYPASS position when the access card 
106 is de-energized, and are placed in the OPERATE 
position on command from the controller when power 
is applied to the system 100. In the event of power loss 
the relays return to their BYPASS position, restoring 
the through path for the digroup and remain so when 
power is restored, until commanded to insert the logic 
circuitry. If an access card 106 is unplugged for any 
reason, it will also preferably automatically revert to 
the bypass position. ‘ 
The relays can also preferably be placed in the bypass 

position on command, so any digroup can be bypassed 
in the event of logic failure. Since bypass removes the 
?xed delay 110, 112 built into the SST-Access card 106, 
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4 
a frame hit will occur each time a digroup is bypassed or 
reinserted. 

All DSl signals, including those coming into the ac 
cess busses, are preferably, demodulated by a circuit 
equipped with automatic line buildout correction 
(ALBO), which compensates for varying input signal 
amplitude, into three separate signals, +BITS, —BITS, 
and CLOCK. These three signals completely character 
ize the input, and are used to accomplish all the delay 
and access functions within the card 106. A negative 
pulse occurs on the +BIT signal for each incoming 
positive excursion, and on the --BIT for each negative 
excursion. The CLOCK is synchronous with the in 
coming data rate. 
Once the signal has been handled within the card 106, 

it is regenerated back into a standard level DSl for 
outputting. This is preferably accomplished by a circuit 
utilizing two switching transistors and an output trans 
former which converts incoming negative pulses on the 
+BIT and —BIT lines to corresponding excursions on 
the transformer secondary. Thus, regardless of the in 
coming level of the D51, all outputs are at the same, 
standard DSl level. 

Since the relays are bidirectional, there was no need 
to consider the direction of signal flow, or the signal 
amplitude, when designing a conventional T-Access 
Card. The SST-Access card 106, however, preferably 
employs logic circuits to do the switching. Therefore, 
the incoming balanced bipolar DSl signals must be con 
verted to standard single-ended logic levels for use 
within the card (demodulated) and converted back to 
balanced bipolar DSl signals (regenerated) before being 
outputted. 

Additionally, since access (and break) connections 
are made at logic levels within the digroup circuitry, 
the access bus outputs of the card 106 are also demodu 
lated or regenerated (depending on signal ?ow direc 
tion). As can be seen on the block diagram of FIGS. 
1-3, one signal pair of each bus is always outward, and 
a regenerator is permanently connected to these termi 
nals. The other pair of each bus, however, is bidirec 
tional, with signal ?owing outward when the BUS 
REVERSE command is active, and inward at all other 
times. The bidirectional pairs are preferably equipped 
with switchable demodulator/regenerators. 

In order to allow the system 100 to compensate for 
the delay introduced by the external drop and insert test 
set 102, the card 106 preferably introduces a ?xed 65 
clock period delay. This may be accomplished by means 
of a conventional dual 64 stage shift register through 
which both the +BITS and —BITS signals are clocked 
by the CLOCK signal. The additional delay is intro 
duced by the demodulator and regenerator. 
An additional command (BUS REVERSE) is prefer 

ably required to control the direction of signal flow 
through the line and equipment busses. When the card 
106 is in the break mode, the signal ?ows outward in 
one pair of each bus, and inward in the other. The out 
ward flowing signals are derived by bridging the de 
modulated undelayed logic signals of the selected di 
group, and the inwardflowing ones replace the delayed 
outputs and flow out of the card 106 on the selected 
digroup. In the monitor mode, however, the signals 
must flow out of both pairs in each bus, and the busses 
must be bridged across the digroup signals. The BUS 
REVERSE command accomplishes this. 

Since the inputs and outputs of the access busses are 
active circuits with input and output impedances, they 
















